Study objectives-(1) To identify behavioural and biological correlates of poor physical functioning and (2) to determine whether such associations are independent of disease. Design-Potential correlates were obtained from questionnaires and screening visits at baseline and five year follow up. Physical functioning was measured at follow up using the 10 item scale from the short-form 36 health survey. The corresponding odds ratio for women was 2.66 (95% CI 1.80 to 3.93). With the exceptions of fibrinogen and insulin, associations remained on exclusion of subjects with physical disease. Conclusions-Risk factors established for physical diseases are associated with poor physical functioning in a population of working age. These associations may be independent of current disease. (J Epidemiol Community Health 1998;52:353-358) 
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(J Epidemiol Community Health 1998;52: [353] [354] [355] [356] [357] [358] There is growing policy and research interest in the assessment of health functioning outcomes. 1 2 Such self perceived outcomes are associated with use of health services, 3 sickness absence, 4 and mortality. 3 5-7 Physical functioning is the most studied functional outcome and measures mobility and the ability to carry out daily activities. Physical functioning therefore provides an integrated measure of the impact of the diseases that lead to these symptoms and may also assess the impact of diseases that are as yet undiagnosed or in their early stages. 8 There may be additional cardiorespiratory fitness eVects on physical functioning that are independent of disease.
Risk factors for diseases have been widely investigated but there has been considerably less interest in identifying risk factors for poor physical functioning, despite the increasing prevalence of physical disability. 9 Most existing studies have examined relatively severe limitations in elderly and patient populations. 3 10-18 Whether these eVects were independent of overt disease was considered in only one of these studies, 10 where risk factors were found to be associated with physical functioning independently of cardiovascular disease.
The short-form 36 general health survey (SF-36) is among the most widely used measure of health functioning, both in clinical trials and cross sectional health surveys. [19] [20] [21] We used the 10 item scale from the SF-36 to measure physical functioning. Participants in the Whitehall II study were all in employment at baseline, considerably younger than those studied previously and therefore relatively high functioning. The objectives of the current investigation were: (1) to identify behavioural, biochemical, and physiological correlates of poor physical functioning and (2) to assess whether such associations are independent of disease.
Methods

STUDY POPULATION
All non-industrial civil servants aged 35-55 years working in the London oYces of 20 departments were invited to participate in this study. At baseline, between 1985 and 1988, a total of 10 308 subjects (73% of those eligible, comprising 6895 men and 3413 women), were enrolled, completing a self administered health questionnaire and attending for screening. Subjects completed another questionnaire and attended for a second screening at follow up, between 1991 and 1993. The mean length of follow up was 5.3 years, with a range of 3.7 to 7.6 years. One hundred and thirty subjects died before the start of the second screening examination. Analyses are based on the 5763 (85%) men and 2586 (77%) women who completed the SF-36 at follow up. Full details of the screening examinations are reported elsewhere. 22 23 DEFINITION OF VARIABLES Physical functioning was assessed using the SF-36 [24] [25] [26] at follow up and scored with the MOS scoring system. 27 This scale has high internal consistency (Cronbach's alpha = 0.86). Responses to the question "Does your health now limit you in these activities? If so, how much?" were sought for 10 items covering: (1) vigorous activities (for example, running, lifting heavy objects, strenuous sports), (2) moderate activities (for example, housework, playing golf), (3) lifting and carrying, (4)- (5) climbing stairs (several flights or one), (6) bending and kneeling, (7)-(9) walking (more than 1 mile, half a mile, 100 yards), and (10) bathing and dressing. Possible responses for each item were "A lot", "A little", and "Not at all", which scored 1, 2, and 3 respectively. These were summed over the 10 items and rescaled to create a physical functioning score ranging from 0, indicating severe limitation in performing all physical activities including bathing or dressing, to 100, indicating no limitation in performing all types of physical activities including the most vigorous.
An exposure was included if it had been shown in other studies to predict cardiovascular, respiratory or musculoskeletal disorders. Data on age, sex, employment grade, and menopausal status (women only), were obtained by questionnaire at follow up. Data on cigarette smoking, alcohol intake, physical activity, and eating habits were obtained by questionnaire at baseline. Employment grade within the civil service was used as a measure of socioeconomic status. Details are reported elsewhere. 22 Three categories of physical activity were created: a Vigorous, at least 1 1 ⁄2 hours vigorous activity per week, moderate, at least 1 1 ⁄2 hours moderate activity per week, none/mild, less than 1 1 ⁄2 hours moderate activity per week. †Healthy diet, eat wholemeal, granary or wheatmeal bread, skimmed or semi-skimmed milk and fresh fruits or vegetables at least once daily, average diet, one or two of the above, unhealthy diet, none of the above. ‡For men: lower <5.5 mmol/l, middle 5. "Vigorous" (subjects who reported at least 1.5 hours of vigorous activity per week), "Moderate" (subjects who reported at least 1.5 hours moderate activity but less than 1.5 hours vigorous activity per week), and "None/mild" (subjects who reported less than 1.5 hours either vigorous or moderate activity per week). Eating habits were coded from 0 (unhealthy diet) to 3 (healthy diet). A healthy diet consisted of wholemeal, granary or wheatmeal bread, skimmed or semi-skimmed milk, and fresh fruits or vegetables at least once daily. An unhealthy diet consisted of other types of bread and milk and less frequent consumption of fresh fruit and vegetables. Blood cholesterol, systolic and diastolic blood pressure, and body mass index (BMI, defined as weight (kg) divided by height squared (m 2 )), were obtained at baseline screening. Triglycerides, fibrinogen, serum glucose, and insulin (taken two hours after an oral glucose tolerance test), and heart rate values obtained at follow up were used, as these measurements were either not available, or only available for a subsample of participants at baseline screening.
The following diseases, related to limitations in physical functioning, 28 were identified at baseline and follow up (numbers in parentheses show number of subjects with disease): angina 29 (n=450), possible or probable ischaemia on resting ECG (Minnesota codes 1-1 to 1-3, 4-1 to 4-4, 5-1 to 5-3 and 7-1-1 (n=707)), hypertension (blood pressure > 160/90 or on anti-hypertensive medication (n=1554)), claudication 29 (reported at baseline only) (n=125), diabetes (self report or oral glucose tolerance test 30 (n=222)), chronic bronchitis 31 (n=914), musculoskeletal disorders (self report (n=1257)), and cancer (registration or self report (n=128)). A total of 2716 men and 1206 women had one or more of the above diseases at baseline or follow up.
ANALYSIS
The distribution of physical functioning scores was skewed to the left and a large proportion of subjects attained the maximum possible score. To overcome the distributional problems caused by this ceiling eVect, subjects were categorised according to whether or not they had poor physical functioning (defined as a score in the lowest sex specific quartile). Using logistic regression, we examined the relations between physical functioning and each of the potential correlates separately, adjusting for age. We then included correlates identified above (where associations with physical functioning were significant at the 5% level), in one model and adjusted for age, employment grade, and menopausal status (women only). Associations between physical functioning and age and employment grade have been reported previously. 32 Finally, subjects who reported physical disease at either baseline or follow up were excluded from the full model to determine whether associations with physical functioning were partially independent of physical disease. All analyses were performed using the statistical package SAS (SAS, Cary, USA). Two tailed tests were used throughout. Odds ratios were calculated relative to a baseline group but tests for trend were performed on continuous variables.
Results
The median age (range) of participants at follow up was 49 years (39-63) for men and 50 years (39-63) for women. Median physical functioning score in the lowest quartile was 80 (ranging from 0 to 89) for men and 60 (0 to 75) for women compared with a median of 95 (90 to 100) for men and 95 (80 to 100) for women not in the lowest quartile. Subjects who were in the lowest quartile of physical functioning reported that their ability to perform vigorous activities and to climb several flights of stairs was limited a lot. Their ability to perform moderate activities, lift and carry, bend and kneel, and walk more than one mile was limited a little.
Previous analyses showed that poor physical functioning was associated with older age and lower socioeconomic status. 32 Table 1 shows the age adjusted associations between potential correlates and physical functioning. Physical functioning was related to smoking among men but not women, with never smokers being the least likely and current smokers who had smoked more than 20 pack years being the most likely to have poor physical functioning. The odds ratio of poor physical functioning was lowest for men who did not drink any alcohol and highest for heavy drinkers whereas women who did not drink any alcohol were more likely to have poor physical functioning than either moderate or heavy drinkers. Poor physical functioning was associated with less physical activity, less healthy eating habits, and increased BMI, although men with a BMI < 20 kg/m 2 were more likely to have poor physical functioning than men with a BMI 20-24.9 kg/m 2 . Men in the upper sex specific tertile of cholesterol were more likely to have poor physical functioning. The odds ratio of poor physical functioning was higher for subjects with high triglyceride, fibrinogen, serum glucose, and insulin levels for both men and women. Diastolic blood pressure was positively associated with physical functioning among women only, as was systolic blood (data not shown). Men with a heart rate of more than 60 beats per minute were more likely to have poor physical functioning than men with a heart rate of less than 60 beats per minute. Tables 2 and 3 show the multivariate associations between correlates identified above (where significance reached the 5% level), and physical functioning for men and women respectively. The first column shows results for all subjects and the second shows associations excluding subjects with disease at baseline or follow up, or both. For all men, independent eVects of cigarette smoking, physical activity, BMI, triglycerides, fibrinogen, and insulin remained. Taking never smokers as the reference group, the odds ratio of poor physical functioning for men smoking > 20 pack years was 1.89 (95% confidence intervals 1.35, 2.67). The odds ratio of poor physical functioning for men with BMI > 30 kg/m 2 was 1.71 (95% CI 1.13, 2.59) compared with men with BMI < 20 kg/m 2 . On exclusion of subjects with disease, the directions of these relations were unchanged although the associations between fibrinogen and insulin and physical functioning did not reach statistical significance. For some correlates, the eVects got larger, although the power to detect a trend decreased because of smaller numbers. For all women, physical activity, eating habits, BMI, fibrinogen, and insulin were independently associated with physical functioning. Taking women with BMI < 20 kg/m 2 as the reference group, the odds ratio of poor physical functioning for women with BMI > 30 kg/m 2 was 2.66 Test for linear trend: ***p<0.001, **p<0.01, *p<0.05. †Subjects with angina, possible or probable ischaemia on resting ECG, hypertension (blood pressure >160/90 or on antihypertensive medication) claudication, diabetes (self reported or oral glucose tolerance test), chronic bronchitis, musculoskeletal disorders or cancer at baseline or follow up were excluded.
(95% CI 1.80, 3.93). On exclusion of subjects with disease, the results were essentially unchanged but again the eVects of fibrinogen and insulin failed to reach statistical significance.
Discussion
We have shown that established risk factors for disease are also associated with poor physical functioning in this middle aged, high functioning cohort. For men, older age, lower employment grade, 32 cigarette smoking, less physical activity, higher body mass index, higher triglycerides, higher fibrinogen, and higher insulin were independently associated with poor physical functioning. For women, older age, lower employment grade, 32 less physical activity, less healthy eating habits, higher body mass index, higher fibrinogen, and higher insulin were independently associated with poor physical functioning, adjusting for menopausal status. With the exceptions of fibrinogen and insulin, these relations remained on exclusion of subjects with disease.
While other studies have measured more serious disability in elderly populations, 3 10-18 the results presented in this occupational cohort suggest that similar factors predict milder impairments in physical functioning in a younger population. This is consistent with the hypothesis that risk factors operate throughout the life course and may exert cumulative effects. These results should therefore be considered when investigating the timing and nature of strategies to prevent physical disability.
Theoretical models by which risk factors may be associated with physical functioning have been proposed. 33 Associations may involve one or a combination of the following: (1) symptomatic disease, 3 34 (2) pre-clinical disease 8 or (3) independently of disease, via anatomical or physiological impairment. As physical functioning may be influenced by both the number and severity of medical conditions, we anticipated that behavioural and biological eVects would be weakened when subjects with disease were excluded. Our results did not support this; in fact, many of the eVects were magnified on exclusion of subjects with disease. Independently of disease, physical functioning may be aVected by smoking (via reduced lung function 35 ), by excess body weight (because of increased wear and tear on joints, loss of flexibility, and limited cardiopulmonary capacity 36 ) and by lack of regular physical activity (via reduced cardiorespiratory functioning 37 ). The correlation between physical functioning and physical activity was not large (coeYcient = 0.28) and there was considerable variation in physical functioning within each category of physical activity, indicating that physical activity is not just a proxy measure for physical functioning.
We considered the possibility that impaired physical functioning largely reflects exercise capacity, which itself is limited by the breathlessness associated with smoking and obesity. However, the lack of association between smoking and physical functioning in women suggests that breathlessness is not the sole determinant of impaired physical functioning. Additionally, associations were seen in the subgroup of subjects who had never smoked and those who had BMI < 27 kg/m 2 . This indicates that residual confounding by smoking and obesity causing breathlessness did not explain the relations seen between the other risk factors identified and physical functioning.
Certain limitations of the study should be noted. As the outcome was measured only at follow up, it is possible that subjects had poor physical functioning at baseline or before and that this may have influenced their baseline risk factors. Although this possibility cannot be ruled out, the consistency of associations with physical functioning across behavioural and biological risk factors and the fact that these associations remained when subjects with physical disease (and poorer physical functioning), were excluded suggest that unhealthy behaviour may precede poor physical functioning. Another limitation is the possibility of reporting bias, as both health related behaviours and physical functioning were self reported. However, there is evidence that subjective and objective physical functioning are highly correlated. 38 Furthermore, biological measures are not subject to reporting bias and these showed similar associations with physical functioning. (Although these measures were taken at the same time as measurement of physical functioning, the same bivariate associations were found using baseline biochemical data available for a sub-sample of subjects.) Bias caused by non-response at follow up was probably conservative, as subjects who were not included in the analysis because of missing data tended to have unhealthy lifestyles, higher biochemical risk factors, and poorer physical functioning.
It is possible that the associations between health related behaviours and physical functioning are confounded by poor mental health. Poor psychological well being is associated with smoking, lack of exercise, and an unhealthy diet 39 40 as well as with poor physical functioning. [41] [42] [43] An unhealthy lifestyle may therefore lead to poor physical functioning resulting from lower expectations of ability and poor self esteem. 44 However, on adjustment for psychological well being, measured KEY POINTS x Risk factors for poor physical functioning in young, non-patient populations have not previously been identified.
x The prevalence of physical disability is increasing and has cost implications for the health and social services.
x For men, cigarette smoking, physical activity, triglycerides, fibrinogen, insulin, and body mass index predicted poor physical functioning.
x For women, the risk factors identified were physical activity, healthy eating, fibrinogen, insulin, and body mass index.
x Changes in health related behaviour may lower the risk of poor physical functioning.
by the general mental health scale of the SF-36, the associations between risk factors and physical functioning remained, although weakened slightly. It is unlikely therefore that confounding by poor mental health can fully explain the observed relations. Previous work has shown that socioeconomic status is associated with risk factors and physical functioning. 12 13 22 23 32 Future analyses in the Whitehall II study will investigate possible mediating pathways between socioeconomic status and physical functioning by examining the relative contribution of psychosocial, behavioural and biological factors. These analyses will also consider the question of whether, like other measures of self reported health, the physical functioning scale of the SF-36 predicts use of health services and mortality.
We have demonstrated associations between health related behaviours (smoking, physical activity, diet, and obesity), biological factors (triglycerides, fibrinogen, and insulin), and poor physical functioning in a comparatively young, high functioning population. Our findings are consistent with the hypothesis that sub-clinical disease or cardiorespiratory fitness have eVects on physical functioning. As well as the potential for preventing future disease, changes in health related behaviour may prevent more immediate limitations in physical functioning.
